Background: There is considerable debate about the benefits and risks of electronic cigarettes (ECs). To better understand the risk-benefit ratio of ECs, more information is needed about net nicotine consumption and toxicant exposure of cigarette smokers switching to ECs. Methods: Forty cigarette smokers (≥1 year of smoking) interested in switching to ECs but not necessarily quitting smoking were enrolled in a 4-week observational study and provided an e-Go C non-variable battery and refillable atomizers and choice of eight flavors in 12 or 24 mg nicotine dosage. Measurement of urinary cotinine (metabolite of nicotine), 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL; a pulmonary carcinogen), and eight volatile organic compounds (VOCs) that are toxic tobacco smoke constituents was conducted at baseline and week 4. Results: All participants with follow-up data (92.5%) reported using the study EC. Of the 40 smokers, 16 reported no cigarettes at week 2 (40%) and six continued to report no cigarettes at week 4 (15%). Change in nicotine intake over the 4 weeks was non-significant (p = .90). Carbon monoxide (p < .001), NNAL (p < .01) and metabolites of benzene (p < .01) and acrylonitrile (p = .001) were significantly decreased in the study sample. Smokers switching exclusively to ECs for at least half of the study period demonstrated significant reductions in metabolites of ethylene oxide (p = .03) and acrylamide (p < .01). Conclusion: Smokers using ECs over 4 weeks maintained cotinine levels and experienced significant reductions in carbon monoxide, NNAL, and two out of eight measured VOC metabolites. Those who switched exclusively to ECs for at least half of the study period significantly reduced two additional VOCs. Implications: This study extends current literature by measuring change in smoking dependence and disease-associated biomarkers, NNAL and a panel of eight common VOCs that are toxic tobacco smoke constituents in smokers who switch to ECs. The findings support the idea of harm reduction, however some levels of toxicant exposure are still of clinical concern, particularly for dual users. Extrapolation of these results must be careful to separate the different toxic exposure results for exclusive switchers versus dual cigarette + EC users, and not to equate harm reduction with the idea that using ECs is harmless.
Introduction
There is considerable debate about the benefits and risks of electronic cigarettes (ECs). Some public health officials have recognized ECs as a potential harm reduction tool, 1 with the caveat that longterm health consequences are unknown. 2 On the other hand, the promise of ECs for harm reduction is challenged by concerns about the population effect of ECs through re-normalization of smoking, uptake of tobacco addiction through ECs, and overall increases in nicotine product exposure/use. 3, 4 Another concern is that the perception of ECs as less harmful than cigarettes is conflated with the perception that ECs are safe and carry minimal to no risk, and the latter is linked with greater EC use. 5 To better understand the risk-benefit balance of ECs, more information is needed about the net tobacco consumption and tobacco smoke toxicant exposure of smokers switching to ECs. To date, reviews of the safety of ECs are inconclusive due to numerous methodological problems including variation in EC devices across studies which produce different levels of nicotine delivery, as well as most studies focusing on lab-based, rather than real-life exposure. 2 In addition, it has been noted that the harm reduction benefits of dual use are contingent upon the pattern of dual use, and that identifying these patterns and associated exposure levels and harm markers are needed. 6 It is therefore important to characterize the toxicant exposure of smokers who switch to ECs and determine how exposure varies overall and based on sub-groups (ie, exclusive EC use vs. dual use of cigarettes and ECs).
The present observational pilot study aims to fill a gap in the literature by evaluating changes in tobacco consumption and toxicant exposure of cigarette smokers switching to a standardized second generation EC model (e-Go C non-variable battery [3.7 volts/650 MaH] and Saturn v4i refillable atomizers [2.4 ohms]) over a 4-week time period. This will extend existing studies [7] [8] [9] [10] [11] [12] by measuring disease-associated biomarkers, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL) and a panel of common volatile organic compounds (VOCs) that are toxic environmental or tobacco smoke constituents. NNAL is a metabolite of 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK), a tobacco-specific nitrosamine that is a potent carcinogen. 13 VOCs have been identified in constituent hazard analyses as responsible for the majority of the risk of cigarette smoke. 14 
Method

Participants
Forty cigarette smokers who were willing to switch to EC but not necessarily interested in quitting were enrolled. The majority of the sample was male (73%), the average age was 30.08 (SD = 8.82), and half the sample was Caucasian (50%), followed by Hispanic (25%). Supplementary Table 1 provides additional sample characteristics.
Procedures
Participants were recruited from the San Diego, CA area from January to April 2015 using flyers, internet postings, and newspaper advertisements seeking smokers with a statement that "free electronic cigarettes and $100 would be provided for qualified smokers' participation in a research study." The study was approved by the Institutional Review Board at California State University San Marcos, and written consent was used. Please see Supplementary Table 2 for a list of eligibility and exclusion criteria, and Supplementary Figure 1 for study flow.
There were three lab visits (baseline, week 2, and week 4) and two phone visits (week 1 and week 3). Timeline follow-back (TLFB) interviewing was conducted at all visits to assess tobacco consumption, and carbon monoxide and urine samples were obtained at all in-person lab visits. The first session included brief education, training, action planning for making a complete switch to EC, and selection of e-juice flavor and dose. The second session included refilling atomizers with e-liquid. The second and final sessions included physical measurement of e-juice liquid used, and a referral to the California Smokers' Helpline was made at the final visit. Participants were compensated a $30 Visa gift card for completing the week 2 and four lab visits respectively, and a $20 Visa gift card for bringing in at least 90% of their atomizers at these visits.
Study Material
Study supplies included a second generation EC starter kit with two e-Go C batteries (3.7 volts/650 MaH), a USB connection cord, an AC adapter, and a carrying case, and a supply of Saturn V4i atomizers (2.4 ohms) filled with liquid in their preferred flavor (28 atomizers total; 2/day).
In order to approximate natural use conditions, participants were given a choice of seven flavor categories which included tobacco, mint, fruit, candy, sweets, chocolate, and drink/soda. 15 Within each flavor category, the most popular flavor in each category was obtained from an established area store (ie, mint flavor was Candy Cane; Vapure). Consistent with dosages reported by EC users, [16] [17] [18] [19] participants were provided 24 mg/mL dosage vegetable glycerin liquid in a tester sample to all participants. Those who reported the 24 mg was too strong were provided 12 mg/mL dosage liquid. See Supplementary Table 3 for flavor names and percent of participants choosing each flavor at baseline and week 2.
Measures
Biological
Breath samples were taken with a Micro + (Bedfont, Haddonfield, NJ) to measure carbon monoxide. Urine samples were frozen and shipped under refrigerated conditions to the Clinical Pharmacology Laboratory at the University of California San Francisco, and tested for (1) concentrations of NNAL measured by liquid chromatography-tandem mass spectrometry (LC-MS/MS), 13 (2) metabolites of a panel of potentially toxic VOCs, including benzene (PMA), ethylene oxide (HEMA), N-nitrosodimethylamine (MMA), acrylonitrile (CNEMA), acrolein (3-HPMA), propylene oxide (2-HPMA), acrylamide (AAMA), and crotonaldehyde (HPMMA) measured by LC-MS/MS, 20 and (3) cotinine, the main proximate metabolite of nicotine, measured by gas chromatography with nitrogen phosphorus detection, modified for use of a capillary column. 21 Cotinine, NNAL, and VOCs were normalized for creatinine. 22 Biological samples were taken at all three in-person visits (baseline, week 2, and week 4). However, due to budgetary restrictions, only the baseline and week 4 data were analyzed.
Tobacco Consumption
Consumption of cigarettes in the past 30 days was assessed by a TLFB interview at baseline and week 4. At the weeks 1, 2, and 3 visits, a 1-week recall period was used, and the use of study ECs was also included. The TLFB interview method is an assessment instrument that involves the use of anchoring events which prompt respondents to provide retrospective estimates of a behavior of interest. 23, 24 Criterion validity of the TLFB measure was demonstrated through a significant correlation between baseline measures of past 30-day cigarette consumption and the Wisconsin Inventory of Smoking Dependence Motives (WISDM) Primary Dependence Motives (r = 0.75), and between past 30-day EC use at week 4 and the amount of measured e-liquid used during the 4-week study (r = 0.54, p < .01).
Demographic and Smoking Characteristics
Demographic variables included race/ethnicity, sex, age, education level (dichotomized < high school graduate vs. ≥ high school graduate), monthly income (dichotomized < $1800 vs. ≥ $1800), marital status (dichotomized never married vs. all others), and sexual orientation (dichotomized lesbian, gay, or bisexual vs. heterosexual). Individuals who identified as Hispanic were classified as such regardless of race. Participants were asked whether they usually smoked menthol or non-menthol cigarettes, and how long they have smoked cigarettes. Self-efficacy to resist smoking was also assessed with a modified version of the Smoking Self-Efficacy Scale, 25 ,26 a uni-dimensional measure (α = 0.96) consisting of 17 items reflecting certainty to resist smoking in various situations.
Nicotine dependence was assessed by the brief WISDM 27 ; which is a 37-item measure consisting of 11 subscales. 27 The subscales can be used to calculate an overall smoking dependence score, Primary Dependence Motives, and Secondary Dependence Motives scales.
In addition, two single-items were used. Time to first cigarette (dichotomized as: smoking ≤ 30 minutes after waking, and smoking > 30 minutes), as smoking within 30 minutes of waking denotes a higher level of nicotine dependence. 28, 29 Derived from the Cigarette Dependence Scale, participants were asked to report their level of perceived addiction to cigarettes on a scale of 0 "I am not addicted to cigarettes at all" to 100 "I am extremely addicted to cigarettes. 30 An Electronic Cigarette Dependence Scale 31 composed of twelve questions scored on a one (totally disagree) to five (full agree) point scale (α = 0.86) was administered at the final visit only given that using ECs was not a baseline behavior. Carrying cigarettes was assessed with the item, "When you leave your house, how often do you take cigarettes with you?" Options included: never, some of the time, most of the time, and always. A comparable question was asked about ECs at week 4 only, given that using ECs regularly was not a baseline behavior.
Statistical Analyses
Participant characteristics were summarized using descriptive statistics. TLFB measurements were used to calculate tobacco use variables. Separate analyses were conducted for the following cigarette variables: total cigarettes smoked, days using cigarettes each week, and average number of cigarettes smoked per day (CPD). To calculate CPD, the total number of cigarettes smoked over the assessed period was divided by the total number of days during this period. Lastly, the following variables were calculated for study EC use: total number of times used study EC per day (ie, "sessions" not puffs), days using EC each week, and average EC per day. Average EC per day was calculated by dividing the total number of times that the study EC was used over the period by the number of days the study EC was used during this period. Biomarker values below level of detection (LOD) were entered as LOD/sqrt(2) for analyses. 32 The frequency of biomarker concentrations below LOD were: baseline NNAL (2/40, 5%), baseline PMA (6/40, 15%), week 4 PMA (9/36, 25%), baseline HEMA (6/40, 15%), week 4 HEMA (4/36, 11%), baseline MMA (8/40, 20%), week 4 MMA (5/36, 14%).
Change in counts of CPD and EC per day were assessed using generalized linear mixed effects (LME) negative binomial model. 33 Paired samples t tests were used to evaluate change in biomarkers from week 0 to week 4 with log transformations to rescale nonnormal distributions prior to testing. Regression models of log-transformed values at week 4 included planned covariates (age, gender, race/ethnicity) and adjustment for corresponding baseline values of examined biomarkers when exploring differences between groups with different levels of switching to e-cigarette use. Regression models included initial F tests of the set of dummy-coded indicators for between-group comparisons. In order to address Type 1 error, the overall model tests were adjusted for false discovery rate with Benjamini Hochberg. 34 Post-hoc multiple between-group comparisons were performed using Tukey adjustment for multiple comparisons. 35 Analyses were performed using IBM SPSS Statistics Version 22.0 and R statistical software.
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Results
Switching to ECs
Thirty-seven of 40 participants provided follow-up and all reported use of ECs during the 30-day study period. Participants reported using the study EC an average of 24.72 (7.13) days in the past 30 days. On the days they used the study EC, they reported using it an average of 11.85 (SD = 14.00) times per day. Participants were asked how many times they used the EC each day and the majority of participants reported this as a discrete time in which they took out their EC and used it for any number of puffs. This was considered a "session." The majority of participants spontaneously reported their use in sessions as opposed to reporting individual puff counts. The amount of measured e-liquid used during the 4-week study was 15.88 mL (SD = 11.29). The nicotine content of each one mL of 24 mg/mL e-liquid corresponds to one pack of cigarettes (ie, 20 cigarettes), which (assuming all nicotine was absorbed) would equate to participants consuming the equivalent of 10.59 cigarettes per day during a 30-day period. Each atomizer held 1.6 mL. Estimating an average of 15.88 mL used during 24.72 days yields an average of 0.64 mL of e-liquid consumed per day. Dividing 0.64 mL per day by average number of sessions (11.85) yields an average amount of e-liquid consumed in one session of 0.05 mL. However, this information must be used cautiously given measurement error, including those who reported number of times used EC per day in puffs were entered as such and this likely inflated the average times used EC per day statistic, atomizer leakage, and atomizer filling slightly above or below 1.6 mL capacity due to liquid settling. Most participants chose the 24 mg nicotine dosage at baseline (97.5%) and at week 2 (91.9%) (see Supplementary Table 3) .
We evaluated change in frequency of EC use (arcsine transformed due to proportions given relatively beneficial effect relative to log) during the study period with LME models with planned covariates (age, gender, racial/ethnic group, and baseline cigarettes per day). Participants reported significant differences in the frequency of using EC at the 1-, 2-, 3-, 4-week assessments, F(3, 97) = 4.92, p = .003. As shown in Figure 1 , when compared to the average frequency of EC use in week 1 (92.4%), use decreased in week 2 (82.6%; b = −0.17, SE = 0.08, p = .039), was similar in week 3 (87.4%; b = −0.10, SE = 0.08, p = .205), and decreased in week 4 (74.6%; b = −0.30, SE = 0.08, p = .0003). We observed similar significant decreases in the "number of times per day" (square-root transformed) participants used ECs, F(3, 97) = 5.64, p = .001). As shown in Figure 2 , when compared to the average use of EC in week 1, differences were largest at the 2-week (b = −0.43, SE = 0.23, p = .06) and 4-week (b = −0.91, SE = 0.23, and p = .001) assessments. To the model above, we added terms to assess the impact of cigarette smoking on EC use. We observed that both higher levels of baseline cigarettes (b = 0.70, SE = 0.32, p = .036) and greater reduction of cigarettes per day during initial efforts to switch to EC at week 2 (b = −0.71, SE = 0.33, p = .04) were related to more frequent use of ECs at the week 2 and week 4 assessments.
Change in Cigarette Consumption
When compared to the 30-days prior to the study period, smokers significantly reduced their cigarette consumption after being instructed to switch to EC during the study period (see Table 1 ). Smokers on average reduced their rate of smoking from baseline to week 1 by 7.1 (95% CI = 5.2, 9.1) cigarettes each day, t(32) = −7.2502, p < .001. Of the 40 smokers, 16 reported no cigarettes at week 2 (40%) and six continued to report no cigarettes at week 4 (15%).
Although reducing significantly from baseline levels, negative binomial GLMM of the count of cigarettes each day during the study period with adjustment for baseline level of smoking suggested participants increased the number of cigarettes per day gradually during the 4-week study period, F(3, 97) = 3.297, p < .025. When compared to week 1, participants reported a greater average number of cigarettes per day at the week-4 assessment (b = 0.45, SE = 0.17, p < 0.008). The change in numbers of cigarettes was not significantly different across 1-, 2-and 3-week assessments (p's > .05). Figure 1 displays trajectories of change in cigarette consumption during the evaluation period. Given compliance to the switching protocol, an estimate of the effect of change from baseline to the first week was included in the model. We evaluated change in frequency of cigarettes (arcsine transformed) during the study period with LME models with planned covariates (age, gender, racial/ ethnic group, and baseline frequency of cigarette smoking days). Participants decreased the frequency of cigarette days (see Table 1 ) during the study period. Specifically, median frequency in cigarette days went from 97% (IQR = 47%-100%) of the past 30 days at baseline to a median of 42% (IQR = 0%-86%) at week 1. LME suggested no significant overall change in percentage of cigarette days from week 1 to week 4, F(3, 97) = 2.17, p = .097.
Change in 30-Day Nicotine Exposure
Urine cotinine levels adjusted for creatinine were used to assess change in daily nicotine consumption from baseline to week 4. Paired evaluation of log-transformed creatinine-adjusted cotinine values at baseline and week 4 were not different statistically (mean of log-differences = −0.10; 95%CI = −0.35, 0.55, p = .65). Follow-up exploratory analyses examined changes in exposure among those who initially switched exclusively at least through week-2 assessment (Initial exclusive EC users; n = 10), those who reported persistent switching exclusively to EC through week 4 (Persistent exclusive EC users; n = 6), and participants who reported dual cigarette and EC (n = 21; missing = 3) use throughout the week-4 assessment (ie, Dual Users who never exclusively used EC). Medians and interquartile ranges for Persistent switchers, Initial switchers, and Dual cigarette plus EC users are provided in Table 2 .
Regression models of log-transformed values at week 4 included planned covariates (age, gender, race/ethnicity) and adjustment for corresponding baseline values of examined biomarkers. An overall test of adjusted means (F(2, 29) = 1.13, p = .34) revealed no significant differences between groups. A follow-up multiple comparisons exploratory analysis (see Table 2 ) suggested non-significant decreases in cotinine among Initial (mean difference = −0.53, SE = 0.49, p = .52) relative to dual users and a non-significant increase in Persistent exclusive EC users relative to dual users (mean difference = 0.50, SE = 0.68, p = .75) and Initial switchers (mean difference = 1.02, SE = 0.73, p = .35). When exploring the potential increase in cotinine, we observed lower levels of baseline cotinine values among the six persistent exclusive EC (Med = 80.1) compared to dual users (Med = 808.8).
Change in Tobacco Toxicant Exposure
Significant decreases were observed in carbon monoxide (p < .01) from baseline to week 4. Overall, we observed statistically significant differences in log-transformed NNAL levels (mean difference = 0.35, 95% CI = 0.09-0.69, p < .01). Of the eight VOCs measured, there were two significant decreases in log-transformed values of the benzene metabolite, PMA (mean differences = 0.57, 95%CI = 0.12-1.03, p = .01), and the acrylonitrile metabolite, CNEMA (mean differences = 0.60, 95%CI = 0.25-0.96, p = .001).
Exploratory analysis comparing initial switchers, persistent switchers, and dual users suggested that levels of NNAL (F(2, 29) = 6.3544, p = .005), the benzene metabolite PMA (F(2, 29) = 6.076, p = .006), the acrylonitrile metabolite CNEMA We observed no significant differences in levels of MMA, HPMMA, HPEMA-2, or HPEMA-3 metabolites of ethylene oxide, N-nitrosodimethyamine, crotonaldehyde, propylene oxide, and acrolein, respectively (p's > .05) among initial switcher, persistent switcher, or dual user groups.
Change in Nicotine Dependence and Related Attitude/Behavior
Smoking dependence as measured by a brief, multi-dimensional scale and a single item rating scale, significantly decreased from baseline to week 4 (p < .001). In addition, self-efficacy to resist smoking cigarettes significantly increased (p < .05). Scores on an EC Dependence Scale at week 4 ranged from 4 to 32 on a 60-point scale, with an average score of 16.52 (SD = 8.01). Carrying of cigarettes (always or most of the time) when leaving the house at baseline was reported by 82.5% compared to 57.5% at week 4. Carrying of EC (always or most of the time) when leaving the house at week 4 was reported by 83.3%.
Discussion
Overall, the results support the acceptability of cigarette smokers switching to second generation ECs. All participants with followup data (92.5%) reported using ECs in the past 30 days. Cigarette use significantly decreased from baseline to week 4, but consumption gradually rose over time, highlighting the difficulty of long-term behavior change in the absence of behavioral support. There was no significant change in cotinine over the 4 weeks, suggesting that ECs provided adequate nicotine replacement from cigarettes. Three markers of toxic exposure were significantly decreased for the study sample at week 4: carbon monoxide, NNAL, and two VOC, benzene (PMA) and acrylonitrile (CNEMA). Smokers who switched entirely to e-cigarettes for at least half the study period demonstrated significant reduction in two additional carcinogens, metabolites of ethylene oxide/acrylonitrile/vinyl chloride (HEMA) and acrylamide (AAMA) relative to dual cigarette + EC users.
The findings provide some support for the idea of harm reduction for those who switched exclusively to ECs for at least half the study period. Those who switched exclusively to ECs significantly reduced toxic exposure levels within nonsmoker limits on two markers classified as carcinogens or possible carcinogens, CNEMA a metabolite of acrylonitrile and AAMA, a metabolite of acrylamide. 37, 38 Although the reduction in 3-HPMA was not statistically significant, the absolute level at week 4 was within nonsmokers limits. 39 Levels of two carcinogens including PMA, a metabolite of benzene, a group 1 carcinogen 40 and NNAL, a metabolite of the nicotine-derived nitrosamine, NNK, which is a highly potent pulmonary carcinogen, 41 were significantly lower among exclusive EC users than dual users at week 4, but fell outside the nonsmoker range. 37, 41 However, it must be noted that the half-life of NNAL is such that exposure can be detected over the 6 to 12 weeks after cessation of exposure. 42 Therefore, the 4-week study period was insufficient to illuminate the full extent of change in NNAL given exposure from before the study period. There was no significant difference in three VOC exposure markers (MMA, HPMMA, or 2-HPEMA) between exclusive EC users and dual cigarette + EC users. Dual users' exposure was outside the nonsmoker range on NNAL and all VOCs for which comparative norms were available. [37] [38] [39] Nicotine consumption was not significantly different from the beginning to the end of the 4-week observation period, but selfreported addiction to cigarettes decreased and self-efficacy to resist smoking cigarettes increased. This likely reflects the successful adoption of ECs in place of some or all cigarettes. With a comparable level of nicotine present following switching from cigarettes to ECs, presumably, dependence on a nicotine-delivering product remains. This dependence appears higher for cigarettes (M = 34.0, SD = 30.97) on a 0-100 scale, compared to ECs (M = 16.52, SD = 8.01) on a 60-point scale. However, the percentage of participants who reported carrying ECs always or most of the time when leaving the house was higher (83.3%) than for cigarettes (57.5%) at week 4. One could argue that although subjective dependence on cigarettes decreased, physical dependence remained and a low level of dependence on a new product developed. It will be important for future studies to monitor dependence on ECs over a longer period of time, as dependence on a product may strengthen along with the duration of product use. It will also be important for future research to use dependence scales that are compatible between cigarettes and ECs for more direct comparison.
To our knowledge, there are no other published studies of switching smokers over a period of 4 weeks to second generation ECs with measurement of disease-associated biomarkers, NNAL and a panel of common VOCs that are potentially toxic environmental or tobacco smoke constituents. The study sample experienced a significant reduction in two out of eight VOCs. Those who switched completely to ECs experienced a significant reduction in NNAL and a third VOC compared to dual users. Our results complement two studies switching cigarette smokers to first generation ECs 10,43 and one to second generation ECs 44 in which declines in NNAL and VOCs were observed. Extrapolation of these results must be careful to separate the different toxic exposure results for exclusive switchers versus dual EC + cigarette users, and not to equate harm reduction with the idea that using ECs is harmless. Unique design features add to the generalizability of the study, including a choice of flavors while maintaining the control of a standard second generation EC device. In addition, the study was open to smokers at any level of intention to quit, an important feature of a study observing natural change in tobacco consumption and toxicant exposure among smokers switching to ECs. Finally, a broader panel of toxicants was evaluated than in previous studies. [7] [8] [9] [10] [11] [12] Limitations to the present study include the following. The 4-week study period was insufficient to see the full reduction in NNAL to nonsmoker levels due to its long half-life. It must also be noted that while including nondaily and light smokers improves the generalizability of the study, the nicotine replacement observed from ECs in the study sample might be more feasible for less frequent smokers than heavier smokers. In addition, given that cigarette use was on the rise at 4 weeks, it is imperative to conduct a longer-term follow-up study to determine whether dual users increase their toxicant exposure over time. For example, it is possible that dual users return to baseline levels of cigarette use and continue using ECs, thereby increasing exposure over baseline levels. Also, the sample size may have limited the ability to detect small effects and sub-group differences. Additionally, while it is valuable to characterize the combustible tobacco-specific toxicants associated with EC use among smokers, there are additional EC-related toxicant effects that should be studied. 45 Finally, there were no instructions for eating/drinking/product use within a certain time window before urine collections. Although sessions were scheduled at the same time of day within each participant to lend consistency to ad libitum behavior patterns, the lack of standardization was a limitation.
Larger studies with a longer follow-up period are needed to confirm the EC profiles and harm exposure findings of this study and to characterize sustained change and health effects over time. The present study demonstrated feasibility of smokers switching to ECs in a short observational trial with limited behavioral support. The extension of the EC trial period and addition of a longer follow-up period would provide the next steps in determining sustained change and corresponding tobacco toxicant exposure over time.
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